
ENGINEERING INDUSTRIAL EXPERIMENT STATION 

College of Engineering 

University of Florida 

Gaine svi He 



Q u a r t e r l y  L e t t e r  Report  No. 7 

December 15, 1968 

SYNTHESIS OF ELASTOMERS FOR USE WITH 

L I Q U I D  FLUORINE 

Henry C .  Brown 
A. R .  Mukherjee 

to 

N A T I O N A L  AERONAUTICS AND SPACE A D M T N I S T R A T I O N  

CONTRACT N O .  NSR-10-005-047 

Submitted by 

Department o f  Chemical Engineer ing  
F l o r i d a  Engineer ing  and I n d u s t r i a l  Experiment S t a t i o n  

U n i v e r s i t y  of F l o r i d a  
G a i n e s v i l l e ,  F l o r i d a  



FOREWORD 

This r e p o r t  h a s  been p repa red  accord ing  t o  the pro- 

v i s i o n s  o f  Cont rac t  NSR-10-005-047, Nat iona l  Aeronaut ics  and 

Space Admin i s t r a t ion ,  w i t h  t h e  Un ive r s i ty  of F l o r i d a  and covers  

work performed d u r i n g  t h e  pe r iod  1 September 1968 through 30 

November 1968. 

Personnel  engaged. i n  t h i s  work were D r .  Henry C .  Brown, 

P r i n c i p a l  I n v e s t i g a t o r ,  and D r .  A .  R .  Mukherjee. 



TABLE OF CONTENTS 

PAGE 
I INTRODUCTION ....................................... 1 

I1 DISCUSSION ........................................ 2 

A .  Use o f  Phosphines as I n i t i a t o r s  o f  
Polymer iza t ion  o f  Hexafluorobutyne-2 ........... 2 

1. Homopolymerization o f  Hexafluorobutyne-2.. . 3 

2. Attempted Copolymerizat ion o f  Hexa- 
f luorobutyne-2 ............................. 5 

B. Reac t ion  Between P e r f l u o r o b u t a d i e n e  and S u l f u r  
T e t r a f l u o r i d e  i n  the Presence o f  Cesium 
F l u o r i d e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .... 7 

C .  Attempted C h a r a c t e r i z a t i o n  o f  I socyanate-  . . .  
Ammonia Reac t ion  Products  ...................... 7 

A.  Experimental  M e t h o d s . . . . . . . . . . . . . . . . . . . . .  ...... 1 2  

B. Tabular  Summary of R e s u l t s .  .................... 1 2  

Tab le  I: Attempted Homo - o r  Copolymerizat ion 
o f  HFB-2 i n  the Presence  o f  Tri- 
s u b s t i t u t e d  -Phosphines  or T r i -  
b u t y l  Antimony as I n i t i a t o r s . .  ....... 13 

Table 11: React ion  B-etween Pe r f luo robu tad iene  
and S u l f u r  T e t r a f l u o r i d e  i n  the 
Presence o f  Cesium F l u o r i d e . . . . . . . . . .  1 6  



I I N T R O D U C T I O N  

The o b j e c t i v e  o f  t h i s  research is  the s y n t h e s i s  o f  

of  e l a s t o m e r i c  polymers t ha t  w i l l  be r e s i s t a n t  to t he  s t r o n g  

o x i d i z i n g  e f f e c t  o f  f l u o r i n e ,  oxygen d i f l u o r i d e ,  n i t r o g e n  

t e t r o x i d e  and s imilar  agen t s .  I n  a d d i t i o n ,  the material  should 

be' f l e x i b l e  a t  c ryogenic  t empera tu res .  

During t h e  p r e s e n t  q u a r t e r ,  a t t e m p t s  have been made 

to use some t r i a l k y l  or t r i a r y l  phosphines  as i n i t i a t o r s  f o r  

i o n i c  po lymer i za t ion  o f  hexafluorobutyne-2 and its copolymeriza- 

t i o n  w i t h  some s u i t a b l e  comonomers. Being i o n i c  i n  n a t u r e ,  t h e  

r a t e  of homopolymerization was ex t remely  f a s t  even a t  very  low 

t empera ture  i n  some c a s e s ;  i n  r e g a r d  to copolymer iza t ion ,  l i t t l e  

success  h a s ' b e e n  achieved .  

The r e a c t i o n  between hexaf luorobutadiene  and s u l f u r  

t e t r a f l u o r i d e  i n  presence  o f  cesium f l u o r i d e  as a c a t a l y s t  was 

f u r t h e r  s t u d i e d  to examine t h e  r o l e  o f  c a t a l y s t  i n  t h e  p rocess .  

E f f o r t s  have been m d e  to c h a r a c t e r i z e  some o f  t h e  

r e a c t i o n  p r o d u c t s  o f  p e r f l u o r o a l k y l  i s o c y a n a t e  and ammonia. 
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11. DISCUSSION 

A. Use o f  Phosphines  as I n i t i a t o r s  o f  Polymer iza t ion  o f  
Hexaf luo robu t  yne-2 

While s t u d y i n g  some r e a c t i o n s  o f  hexaf  luorobutyne-2 

wi th  phosphines  and amines,  Cul len  and Dawson n o t i c e d  that  tri- 

phenylphosphine causes  the  butyne to polymer ize  a t  - 7 8 O .  A 

similar b u t  s lower  r e a c t i o n  t a k e s  p l a c e  w i t h  t r i e t h y l a m i n e  

Ref:  W. R.  Cul len  and D. S. Dawson, Canad. 5 .  C h e m . , s ,  2887 

(1967). They a l s o  n o t i c e d  that  i n  a t o l u e n e  s o l u t i o n  o f  tri- 

phenyl  phosphine ,  the polymer iza t ion  r e a c t i o n  was smooth a t  

t empera tu res  as low as - 7 8 O C ,  and r e s u l t e d  i n  a w h i t e , s o l i d p  

h igh  m e l t i n g  polymer,  bu t  i n  absence of  s o l v e n t  the  r e a c t i o n  

can be v i o l e n t  a t  or above room tempera tu re .  The  obvious  mecha- 

nism i s  t h e  format ion  o f  a 1 ,3 -d ipo la r  i n t e r m e d i a t e  such  as 

CF3 - 
; c = C L c F 3  

i n  the  i n i t i a t i o n  s t e p  and t h e n  p ropaga t ion  

D+ 

v i a  a d d i t i o n  of  butyne-2 molecules  as 

C F h  CF3 - 
,C=C' k=C , e t c . ,  D- be ing  t h e  n u c l e o p h i l e  such  as tri- 

D+ ' C F 3  ' CF, 

phenylphosphine.  

To d a t e ,  a t t e m p t s  have been t o  homo- o r  copolymerize 

hexafluorobutyne-2 i n  t h e  presence  o f  th ree  phosphines :  
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Triphenyl  phosphine ,  (C,H,) ,P .  Yellowish- s o l i d ,  
m.p. 75-77OC 

Tr i -n-buty l  phosphine (C,H9 1 3P. High b o i l i n g  

T r i o c t y l  phosphine ( C 8 H I  1 ,P High b o i l i n g  

c o l o r l e s s  l i q u i d  
I 

c o l o r l e s s  l i q u i d  

. Phosphines  have been used bo th  i n  t h e  presence  and 

t h e  absence of s o l v e n t s ;  s o l v e n t s  used i n  t h e s e  exper iments  

were t o l u e n e  and t e t r a h y d r o f u r a n .  

When t o l u e n e  w a s  used a s  a s o l v e n t ,  it was recovered  

a lmos t  i n  f u l l  a f t e r  t h e  experiment  CExpt. M-1,3]; t h u s  t h e  

s o l v e n t  d i d  no t  t a k e  any p a r t  i n  t h e  r e a c t i o n .  

1. Homopolymerization of  Hexafluorobutyne-2 

Homopolymerization of  hexafluorobutyne-2 i n  t h e  pre-  

sence of t r i p h e n y l  phosphine i s  a l m o s t  i n s t a n t a n e o u s  and y i e l d  

i s  over  90% i f  s u f f i c i e n t  i n i t i a t o r  i s  p r e s e n t  i n  t h e  system 

(Expt  -M-4). I n  t h e  presence  o f  t o l u e n e ,  t h e  r e a c t i o n  t a k e s  

p l a c e  a t  a low tempera ture  ( - 5 O O C  t o - 6 0 ° C ) w i t h  darkening  o f  
\ 

t h e  whole mass and though t h e  r e a c t i o n  i s  almost  i n s t a n t a n e o u s ,  

no t  much hea t  i s  gene ra t ed  i n .  t h e  p r o c e s s .  Polymer i s  formed 

i n  f l a k e s ,  f i l m  and powder and it  i s  very d i f f i c u l t  to remove 

a l l  t h e  phosphine even a f t e r  r e p e a t e d  e x t r a c t i o n  w i t h  e t h e r  o r  

chloroform.  Toluene ( s o l v e n t )  perhaps  becomes inco rpora t ed  i n  

f i l m s  o r  ' f l akes  and comes. ou t  under vacuum and h e a t .  

I n  one p a r t i c u l a r  experiment  (Expt M-131, an e f f o r t  

has been made t o  f i n d  t h e  l i m i t i n g  c o n c e n t r a t i o n  of i n i t i a t o r  
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( t r i p h e n y l  phosphine) ,  u s i n g  t o l u e n e  as a s o l v e n t .  It w a s  

n o t i c e d  t ha t  l i t t l e  o r  no r e a c t i o n  took  p l a c e  when t h e  i n i -  

t i a t o r :  monomer molar r a t i o  was 1:120; (approx];  on' i n c r e a s -  

. 

i n g  t h e  r a t i o  t o  1:30 {approx) ,  about  75% o f  the  monomer could  

be  polymer i ied .  Polymer i n  t he  f i n a l  form was a y e l l o w i s h  

white powder or flakes having  a n  i n  e a r e d  s p e c t r a  the same as 

that  of  t y p i c a l  polyhexafluorobutyne-2 (prepared b y  Co6 y- 

r a d i a t i o n  or under u l t r a v i o l e t  r a d i a t i o n ]  w i t h  a n  e x t r a  s t r o n g  

peak a t  3.4y, probably due to phosphine i n  some form incorpora-  

t e d  i n  the polymer. The p o r t i o n  e x t r a c t e d  w i t h  e ther  or chloro-  

form i s  a d a r k  s o l i d  w i t h  a m e l t i n g  range  and might h e  a mixture  

of p r o d u c t s  of t h e  phosphine.  The polymer i s  i n s o l u b l e  and i n -  

f u s i b l e  and g i v e s  a b r i t t l e  mold a t  300° and 4200  l b s . / s q .  i n c h  

p r e s s u r e .  Molding under s imi la r  c o n d i t i o n s  i n  t h e  p re sence  of  

1 0 %  s u l f u r ,  a l s o  gave a b r i t t l e  mold. 

Attempted homopolymerization o f  hexafluorobutyne-2 i n  t h e  

p re sence  of  t r i - n - b u t y l  phosphine i n  t o l u e n e  as  a s o l v e n t  r e s u l t e d  

i n  a mixture  o f  p roduc t s  (Expt.  M - 1 )  and some r e a c t i o n  took p l a c e  

even when the  t u b e  was cooled  i n  l i q u i d  a i r  (as in t i i ca t ed  by 

darkening  o f  mass). The r e a c t i o n  i s  almost i n s t a n t a n e o u s  a t  

about  -70' to - 8 O O C  and t h e  product  i s  a very  d a r k  l i q u i d  and 

some y e l l o w i s h  s o l i d  (polymer).  Almost a l l  t h e  t o l u e n e  could  

be pumped o u t  and the d a r k ,  v i s c o u s  l i q u i d  product  was t a k e n  ou t  

by r e p e a t e d  e x t r a c t i o n  w i t h  e ther .  About 9 0 %  o f  ' the monomer was 

consumed b u t  y i e l d  o f  polymer was about  45%. Perhaps the v i scous  
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dark  mass was the  a d d i t i o n  p roduc t  o f  phosphine and p e r f l u o r o -  

butyne-2, or very l o w  molecular  weight polymer. Its i n f r a r e d  

s p e c t r a  showed a ve ry  s t r o n g  peak a t  3.411 (C-H1 and o t h e r  peaks  

at 5.7511 (C=C), 6.811 (CH3), 7 . 2 1 ~  , 7.7-911 (C-F, s t r o n g ) ,  e t c .  

Attempted homopolymerization o f  hexafluorobutyne-2 

i n  t h e  p re sence  o f  e i t h e r - t r i o c t y l  phosphine o r  t r i b u t y l  a n t i -  

mony and r e s u l t e d  i n  b l a c k e n i n g  o f  the i n i t i a t o r  ( tempera ture  

o f  r e a c t i o n  -70 t o  100OC); b u t  very  l i t t l e  monomer was con- 

sumed i n  t h e  p r o c e s s  and no polymer was formed, (Expts.  M - 1 1 ,  

1 2 ) .  

2 .  Attempted Copolymerizat ion of Hexafluorobutyne-2. 

Co-polymerization o f  hexafluorobutyne-2 w i t h  comono- 

mers such  as t r i f l u o r o n i t r o s o  methane (CF,NO), hexaf luoroace-  

t o n e  (CF,COCF,), t e t r a f l u o r o e t h y l e n e  (C2F,], and hexa f luo ro -  

b u t a d i e n e  (CF2=CF=CF=CF,), i n  t h e  -p re sence  o f  e i t h e r  t r i p h e n y l  

phosphine or t r i - n - b u t y l  phosphine was t r i e d  wi thout  s u c c e s s  

(Expts .  M-2,3,8, 9 and 1 0 ) .  

I n  p re sence  o f  CF,NO as a comonomer and t o l u e n e  so lu -  

t i o n  of  (C,H,),P, no r e a c t i o n  (Expt'M-2)- t o o k  p l a c e  a t  -70' to 

room tempera tu re  ( o v e r n i g h t ) .  An a t t empt  was made to pump o u t  

CF3N0 under  vacuum a t  low t empera tu re ,  b u t  b o t h  t h e  monomers 

v o l a t i l i z e d .  However, d u r i n g  t h e  p r o c e s s ,  some polyhexaf luoro-  

butyne-2 was formed (about  20% of  the r e s p e c t i v e  monomer), and 

no othei.  t y p e  o f  polymer p roduc t .  The remainder  o f  t he  r e a c t i o n  
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product  was s o l u b l e  i n  e ther  (p roduc t s  from phosphine) .  

Attempted copolymer iza t ion  w i t h  CF,COCF, u s i n g  e i t h e r  

(C,H,),P o r  (C,H,),P as i n i t i a t o r s  i n  presence  or absence  o f  

t o l u e n e  ( s o l v e n t )  ove r  a wide range  of t empera tu re ,  r e s u l t e d  

on ly  i n  darkening  o f  the  mass, b u t  no polymer was formed (Expt 

M-3,10). The r e a c t i o n  product  was a lmost  comple te ly  s o l u b l e  i n  

e ther ,  ch loroform,  e t c .  Thus hexaf luoroace tone  r a t h e r  i n h i b i t e d  

t h e  po lymer i za t ion  o f  hexafluorobutyne-2 i n  t h i s  p rocess .  I n  

one e x p t .  (u-31, some c o l o r l e s s  l i q u i d  product  v o l a t i l i z e d  under  

vacuum ( immisc ib le  with and h e a v i e r  t h a n  t o l u e n e ) ,  amd showed 

i n f r a r e d  a b s o r p t i o n  a t  5 4 v ,  5 . 7 - 6 . 3  (broad] ,  7.5-9v (C-F] , 
10.211, 10.511, e t c .  

I n  presence  of  t h e  C,F, as t h e  comonomer and ( C , + q  ) 3 P  

as i n i t i a t o r ,  a lmost  50% o f  t h e  butyne-2 monomer could  be  poly-  

merized as i n  Expt M - 1  (Expt M-8) and some dark  v i scous  matec 

r i a l  was a l s o  formed. I n  t h e  presence  o f  CF,=CF-CF=CF2 as  co- 

monomer, and ( C , H , ) , P  as i n i t i a t o r ,  t h e r e  was no r e a c t i o n  below 

room tempera ture .  With t ime  some polyhexafluorobutyne-2 (about  

25-30% of t h e  monomer w a s  formed; no f u r t h e r  r e a c t i o n  took  

p l a c e  even when t h e  mixture  was hea ted  to 100OC. I n  t h e  p res -  

ence  of (C4H9l3P as i n i t i a t o r ,  on ly  some dark co lo red ,  v i s c o u s  

material  was formed. Perf1uorobutadie .ne was a lmost  f u l l y  re- 

covered and t h u s  there  was probably  no copolymer iza t ion  (Expt 

M-9) 

Per f luo robu tad iene  a lone  d i d  no t  r e a c t  w i t h  (CF;H5)  ,P. 
6 



Hexafluoroacetone or p e r f l u o r o b u t y r o n i t r i l e .  a l s o  d i d  n o t  r e a c t  

w i t h  (C,H,) ,P e i t he r  i n  absence of  s o l v e n t  or i n  t h e  p resence  

of t e t r a h y d r o f u r a n  as s o l v e n t .  CExpt M-5,61. 

B. Reac t ion  between Pe r f luo robu tad iene  and S u l f u r  Tetra- 
f l u o r i d e  i n  t h e  Presence of Cesium F l u o r i d e :  

A s  r e p o r t e d  e a r l i e r ,  s u l f u r  t e t r a f l u o r i d e  and p e r f l u o r o -  

bu tad iene  r e a c t  i n  p re sence  o f  cesium f l u o r i d e  a t  about  100-150°C 

to produce some h i g h e r  b o i l i n g  l i q u i d  product  CB.?. 145-147OC 

(approx)  , as determined by m i c r o c a p i l l a r y  method], b u t  no poly- 

m e r  was formed (Annual Repor t ,  19681. The  i n f r a r e d  s p e c t r a  o f  

t h e  l i q u i d  shows o n l y  a small hump a t  5.9-6.1, and no o t h e r  

peak below 7.0,. There are q u i t e  a few s h a r p  peaks  a t  h i g h e r  

wave l e n g t h  w i t h  s t r o n g  C-F a b s o r p t i o n  and S was d e t e c t e d  i n  t h e  

sample. It seems t h e  l i q u i d  might b e  1:l or 1 : 2  a d d i t i o n  pro-  

d u c t s  o f  hexa f luo robu tad iene  and s u l f u r  t e t r a f l u o r i d e .  Some 

water i n s o l u b l e  g rey  s o l i d  has a l s o  been r ecove red  from t h e  CsF 

af ter  r e a c t i o n ,  b u t  it d i d  n o t  mel t  up t o  400OC and d i d  n o t  
- .  

show any prominent C-F a b s o r p t i o n  i n  the i n f r a r e d  s p e c t r a .  It 

seems tha t  an  e x c e s s  o f  dehydra ted  CsF i s  needed f o r  t h i s  r eac -  

t i o n  and r e a c t i o n  i s  n o t  a lways  r e p r o d u c i b l e .  

C.  At tempted  C h a r a c t e r i z a t i o n  o f  Isocyanate-ammonia 
Reac t ion  Products  

It was r e p o r t e d  ea r l i e r  t h a t  r e a c t i o n  between i socya-  

nates such as CF,NCO, C,F,NCO or C3F,NC0 always r e s u l t  i n  a num- 

ber o f  p roduc t s ;  the  expec ted  product  RFNH CONK2 CRF b e i n g  CF3, 

C,F or C,F,), a s u b s t i t u t e d  u r e a ,  was probably  not p r e s e n t  i n  
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any o f  t h e  mixtures .  However, some ammonium s a l t ,  e v i d e n t l y  

NH4F, was d e t e c t e d  i n  a l l  the  product  mix tu res ,  i n d i c a t i n g  

l i b e r a t i o n  o f  HF i n  t h e  p r o c e s s ;  t h i s  was a l s o  i n d i c a t e d  by  

e t c h i n g  of  the g l a s s  v e s s e l  d u r i n g  r e a c t i o n .  

The r e a c t i o n  product  o f  CF,NCO and NH, was d i f f e r e n t  

from o t h e r  two mix tu res ,  as r e g a r d s  s o l u b i l i t y ,  f u s i b i l i t y ,  

i n f r a r e d  s p e c t r a ,  e t c .  It d i d  n o t  show any f u s i b i l i t y  up to 

300°C except  some sub l ima t ion  and was almost completely s o l u b l e  

only i n  c a u s t i c  soda s o l u t i o n ,  and p a r t i a l l y  s o l u b l e  i n  a l c o h o l  

and water .  It could  only  b e  sublimed p a r t i a l l y  under. vacuum 

a t  h igh  tempera ture  ( - l 3 O 0 C )  r e s u l t i n g  i n  a poor s e p a r a t i o n .  

I n f r a r e d  s p e c t r a  o f  the o v e r a l l  mix ture  or of  s e p a r a t e  p a r t s  

( o b t a i n e d  through sub l ima t ion  or s o l u b i l i t y  d i f f e r e n c e )  were 

n o t  sha rp  enough to c h a r a c t e r i z e  any p a r t ,  bu t  there  were ab- 

s o r p t i o n s  a t  3 - 3 . 5 ~  (broad,  N H 4 ) ,  4.0,, 4 . 5 ~ ( ,  5 . 8 - 6 . 4 ~ ,  6.8-7.0,, 

e t c .  

+ 

The r e a c t i o n  p roduc t s  of  CzF,NCO and C,F,NCO were a 

mixture  c o n s i s t i n g  o f  v i scous  s e m i s o l i d  to whi te  s o l i d  and t h e  

b e s t  way o f  s e p a r a t i n g  NH4F from t h e  mixture  was e x t r a c t i o n  w i t h  

t e t r a h y d r o f u r a n .  The te t r .ahydrofuran  i n s o l u b l e  p a r t  was n o t  

completely NH4F (as i n d i c a t e d  by some C-F a b s o r p t i o n  and par-  

t i a l  m e l t i n g ) ,  though i t  was almost  completely s o l u b l e  i n  wa te r .  

In  t h e  case  o f  t h e  C,F,NCO and NH, produc t ,  t h i s  p a r t  showed 

i n f r a r e d  a b s o r p t i o n  a t  2.9511, 3 . 0 5 ~ ,  3.1-3.511 CNH4) 4 .5P,  5.0,, 

6.0~1, 6 . 2 5 ~ , 6 . 7 ~  and some broad C-F a b s o r p t i o n .  

t 
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The t e t r a h y d r o f u r a n  s o l u b l e  p a r t  o f  t he  C F NCO and NH 

t i o n  product  was a s t i c k y  white  s o l i d ,  s o l u b l e  i n  ether a l s o  

r eac -  

and was e v i d e n t l y  a mixture  ( range  o f  m e l t i n g  p o i n t  and i n f r a -  

red  p a t t e r n .  It cou ld  be comple te ly  sublimed under  yacuum 

and showed s t r o n g  i n f r a r e d  a b s o r p t i o n  a t  2.9511, 3.011, 3.1y, 

5.811, 6.01.1, 6.211, 7.111, (7.511, 8.311, 8.511, 911- a l l  due to C-Fl, 

10.51~, e t c .  

I n  t he  case  of  the C 3 F 7 N C 0  and NH3 r e a c t i o n  p roduc t ,  

t h e  mixture  was f i rs t  e x t r a c t e d  with ether;  the ether s o l u t i o n  

( F r a c t i o n  I)  on be ing  d r i e d  under vacuum o v e r n i g h t ,  gave a ve ry  

v i scous  l i q u i d  which was s o l u b l e  i n  water a l s o .  Some c r y s t a l s  

s e p a r a t e d  o u t  o f  t h i s  v i s c o u s  mass on s t a n d i n g .  The  v i s c o u s  

mass on b e i n g  heated a t  about  70-8Q"C f o r  a long  t i m e  gave a 

v i s c o u s  s e m i s o l i d  having  i n f r a r e d  a b s o r p t i o n  peaks a t  2.9-3.511 

( b r o a d ) ,  5.8-6.311 ( b r o a d ) ,  6.6-7.111 {b road) ,  7.511 (C-F), 8-8.711, 

(C-F) and some o t h e r  s t r o n g  peaks a t .  h i g h e r  wave l e n g t h s .  It 

could be subl imed,  b u t  f u r t h e r  p u r i f i c a t i o n  w a s  no t  p o s s i b l e  

by  t ha t  method. Perhaps t h e  v i scous  mass had some o t h e r  t h i n g s  

s o l u b i l i z e d  i n  i t ,  The c r y s t a l s  s e p a r a t i n g  out were d r i e d ; t h e i r  

m e l t i n g  range  and i n f r a r e d  p a t t e r n  i n d i c a t e d  i t  to be a mixture .  

It had very low s o l u b i l i t y  i n  e t h e r  and p o r t i o n s  a f t e r  r e p e a t e d  

washing w i t h  e t h e r  showed i n f r a r e d  a b s o r p t i o n  a t  2.gP, 3.0, ,  5.gP,  

6.1-6.311, 6.811, e t c .  The r e s i d u a l  mass was t h e n  e x t r a c t e d  w i t h  

t e t r a h y d r o f u r a n  t o  g i v e  some white c r y s t a l l i n e  nonhygroscopic 

mass, s o l u b l e  i n  o t h e r  s o l v e n t s  such as CF3COOH, a c e t o n e ,  
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a l c o h o l ,  e t h y l  a c e t a t e ,  e t c .  b u t  i n s o l u b l e  i n  watgr  and spa r -  

i n g l y  s o l u b l e  i n  e the r  ( F r a c t i o n  11). It remained unchanged 

on b e i n g  t rea ted  w i t h  e i t h e r  CF3COOH o r  NH3.  It was r e c r y s t a -  

l i z e d  from t e t r a h y d r o f u r a n  and showed the  fo l lowing  c h a r a c t e r -  

i s t i c s :  

. 

b.  Mol. Wt. (by V . P . O . )  2003.5 (us ing  t e t r a h y d r o f u r a n  as 
0 

s o l v e n t  and C2F5 C e N H ; !  as s tandard} .  

c .  It could be sublimed completely under vacuum a t  about  90- 

100OC. 

- d. U l t r a v i o l e t  a b s o r p t i o n  maxima a t  213-215 mD.  logcmax - 

3.43 (approx)  i n  methanol- s o l u t i o n .  

e .  NlYR s p e c t r a  ( i n  THj? showed only  t h e  presence  of CF3 

and CF, groupings.  

T h e  sample (5 g )  w a s  hea t ed  w i t h  P,O, and some 

gaseous product  (A252G) was c o l l e c t e d  (1.5 g )  having mol. w t .  

o f  1 4 2  ( approx) .  It was found to be pu re  by gas chromatog- 

r a p h i c  a n a l y s i s  (on ly  one peak except  a i r )  and i n f r a r e d  
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s p e c t r a  d i d  show peaks a t  4.4511 ( C - N ? ,  b.4511, 8 ~ ;  8.3-8.411, 
1 

9.511- f o r  C-F , a t r i p l e t  a t  12.3-12.511 and no o t h e r  peaks .  

1 g o f  t he  gas was r e a c t e d  w i t h  NH3(excess) i n  1 0  m l  e t h e r  
1 

and a white,  c r y s t a l l i n e  hygroscopic  s o l i d  ( ~ 2 7 6 )  w a s  o b t a i n e d  

having  m . p :  49-5OoC and in f r a red  peaks a t  3 . 0 ~ ,  3 . 2 ~ ,  3 . 5 ~  

(hump), 5.gF1, [ 7 . 5 ~ ,  8-9, broad f o r  C-F , 9.6,, 9 .7V,  12.51.1,etc. I 
NMR spec t r a  o f  t h e  gas (A252G) showed the  presence o f  o n l y  CF3 

has been i d e n t i f i e d  as pe r f luo roprop-  

the gas (A252G) as C F 3 C F 2 C _ N .  
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I11 EXPERIMENTAL 

A. Experimental  Methods 

Reac t ions  u s i n g  t r i s u b s t i t u t e d  pl losphines  or t r i b u t y l  

antimony as i n i t i a t o r s  were c a r r i e d  o u t  i n  p r e s s u r e  t u b e s  made 

of glass (100  m l  c a p a c i t y )  and having  metal cap and va lve  f i t -  

t e d  through rubbe r  * 0 * r i n g .  The i n i t i a t o r s  were handled  

i n  a n i t r o g e n  atmosphere and ba th  t empera tu re  w a s  varied by 

adding  Dry-Ice to ace tone .  

I n  t h e  c a s e  o f  t h e  r e a c t i o n  between hexaf luorobutadiene  

SF4 cesium f l u o r i d e  used was d r i e d  by h e a t i n g  a t  200-3OO0C under  

vacuum f o r  a few hours .  T h i s  r e a c t i o n  was a l s o  c a r r i e d  o u t  i n  

t h e  p r e s s u r e  t u b e s  mentioned above. SF4 used  might c o n t a i n  a 

HF as an  impur i ty  and e f f o r t s  were made to remove t h e  HF as 

much as p o s s i b l e  by r e p e a t e d l y  

Dry-Ice-acetone t empera tu re  to vacuum, and t r a p p i n g  the p o r t i o n  

expos ing  the  condensed gas  a t  

v o l a t i l i z e d .  

B. Tabular  Summary o f  R e s u l t s  

Abbrevia t ions :  Hexafluorobutyne-2,  HFB-2; Hexafluoroacetone,  

HFA; Per f luo robu tad iene ,  PFBD ; P e r f i u o r o b u t y r o n i t r i l e ,  PFBN; 

Tet rahydrofuran ,  THF . 
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